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(57)Abstract: 

PURPOSE: To provide a zinc-bromine battery separator and 
its manufacture by which battery efficiency can be heightened 
by heightening the accuracy of the hole diameter control of the 
separator, and shortening a hole process. 
CONSTITUTION: An anodic oxide coating formed by 
anodizing aluminum is used as a zinc-bromine battery 
2l kijlV» separator. Oxalic acid, sulfuric acid, or liquid formed by 
adding sulfosalicylic acid to the sulfuric acid is used as 
electrolyte in a reaction vessel 15, and an aluminum plate 17 
xy jiri'^-ijK^ of 0.3mm or less in thickness is soaked in a positive electrode 

side and a lead electrode is soaked opposite thereto in a 
negative electrode side. Anodizing is conducted as maintaining the temperature of the electrolyte, a power 
source voltage, and an electric current density at adequate values so as to form the anodic oxide coating 
20 on the surface of the aluminum plate 17 to obtain the zinc-bromine battery separator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the separator which is the configuration 
member of an electrolytic-solution cycloid type laminating rechargeable battery, especially a 
zinc-bromine cell, and its manufacture approach. 
[0002] 

[Description of the Prior Art] It is the rechargeable battery to which the zinc-bromine cell used 
the bromine for positive active material, and used zinc for the negative-electrode active material, 
and in order to make the daytime of power, and the imbalance of night solve this cell, it stores 
power in the night with few power requirements, and it is used in order to make it emit to day 
ranges. 

[0003] The bromine generated in the positive-electrode electrode side at the time of charge reacts 
with the bromine complexing agent added to the electrolytic solution, it becomes oil-like 
precipitate and is returned to a storage tank, and with a pump, it is sent in into a cell at the time 
of discharge, and it is returned. The component of the electrolytic solution is with Pb for 
preventing ZnBr2 water solution, salts for lowering resistance, such as NH4C1, and the dendrite 
by the side of negative-electrode zinc, and promoting uniform electrodeposition, Sn, quartemary 
ammonium salt, and a bromine complexing agent. The separator is inserted between the positive- 
electrode electrode and the negative-electrode electrode, and the self-discharge by the bromine 
generated with the positive-electrode electrode being spread to a negative-electrode electrode, 
and reacting with zinc is prevented. 

[0004] The chemical reaction of this zinc-bromine cell is [0005]. 
[Formula 1] 

the time of charge .... positive-electrode: - 2Br->Br2+2e- and negative-electrode:Zn-H-+2e- 
>Zn the time of discharge .. positive-electrode: ~ it is expressed with 2Br-<-Br2+2e- and 
negative-electrode :Zn-HH-2e-<-Zn. 

[0006] This zinc-bromine cell consists of a cell proper which mainly used the electrode as the 
bipolar mold and carried out the laminating of two or more cells (single eel) to the serial 
electrically, an electrolytic-solution storage tank, and the pump and the pipe line which circulate 
the electrolytic solution among these. 

[0007] The working principle of a zinc-bromine cell is explained based on the schematic diagram 
of drawing 6 . One in drawing is a positive-electrode side storage tank, and the positive-electrode 
electrolytic solution 2 and the bromine complex compound 3 are stored in this positive-electrode 
side storage tank 1. 4 is a negative-electrode side storage tank, and the negative-electrode 
electrolytic solution 5 is stored in this negative-electrode side storage tank 4. And while the 
positive-electrode electrolytic solution 2 circulates the positive-electrode interior of a room from 



the positive-electrode manifold 8 of a cell proper with actuation of the positive-electrode side 
pump 6 as shown in the arrow head in drawing through the four-way valve 7, and flowing back 
to the positive-electrode side storage tank 1 , the negative-electrode electrolytic solution 5 
circulates the negative-electrode interior of a room separated from the negative-electrode 
manifold 10 of a cell proper by the separator 1 1 with actuation of the negative-electrode side 
pump 9, and flows back to the negative-electrode side storage tank 4. 12 is a bipolar electrode 
and 13 is a current collection electrode. 

[0008] After the electrode material of the current collection electrode 13 carries out melting 
mixing of the carbon black and graphite for giving conductivity by using polyethylene as a 
binder by the proper ratio, the sheet-ized carbon plastics electrode material is used for it. In order 
to decrease the reaction overvoltage of a bromine to a positive electrode, what sheet-ized the 
carbon cross or the carbon fiber with the resin binder is made to have laminated. 
[0009] After carrying out melting mixing of a silica and the dioctyl phthalate (DOP), and 
extracting and porosity-izing DOP to polyethylene resin with the above-mentioned usually 
comparatively hard separator 1 1 with a solvent, the **** porous membrane obtained with an 
extrusion-molding means is used for it. The average aperture of this fine porous membrane 
serves as about 0.1 -micrometer (lOOOA) extent. 

[0010] The above-mentioned zinc-bromine cell reacts with the bromine complexing agent 
(quartemary ammonium salt) with which the bromine generated in the positive-electrode side at 
the time of charge is contained in the electrolytic solution, it is stored by the bottom of a 
positive-electrode side tank as oil-like bromine complex, the bromine which is not complex-ized 
serves as Br3-ion, it dissolves in the electrolytic solution, and electrocrystallization of the zinc is 
carried out to a carbon plastics electrode. 

[001 1] Thus, about 70% is checked as total energy efficiency about 80% as cell effectiveness [ in 

/ in the constituted zinc-bromine cell / 50kW class cell ]. 

[0012] 

[Problem(s) to be Solved by the Invention] The effectiveness of such a zinc-bromine cell for 
stationary energy storage has the problem of aperture control of a separator in one of the factors 
which check effectiveness, although it is required that overall efficiency also including inverter 
effectiveness should be raised. As described above, a separator is porous membrane, and even if 
it penetrates Zn++ ion and Br-ion, a bromine and a bromine complex compound need not to 
penetrate. When especially an aperture is too large, a bromine molecule (Br2) and a bromine 
complex compound (QBr3) will also be penetrated so much, and the effectiveness of a cell will 
fall. 

[0013] however, the hole which penetrated detailed aperture control in the shape of a straight line 
by the fixed aperture difficultly by the approach of carrying out extrusion molding after the 
aperture of this separator changing with process conditions in many cases and carrying out 
melting mixing of the silica with DOP at usual polyethylene resin - the problem that a 
configuration is not acquired remains and it is in the difficult actual condition to obtain the good 
separator of permselectivity which was described above. 

[0014] Usually, although the aperture of the separator using polyethylene resin is an average of 
0.1 micrometers (lOOOA), about 200-500A is actually imagined to be a suitable thing. Moreover, 
since the hole has penetrated between the front flesh sides of a separator plate in the complicated 
path so that between voids may be sewn, it is usually that the actual stroke of a hole is quite 
longer than board thickness. Furthermore, for a certain reason, the thickness of a separator plate 
is in the inclination which swelling of the electrolytic solution in a cell tends to generate also 



about 1mm. 

[0015] While this invention is made in view of the above-mentioned point and raising the 
precision of aperture control of said separator, it aims at offering the separator for zinc-bromine 
cells which can shorten a actual stroke and can raise cell effectiveness, and its manufacture 
approach by forming a hole in the shape of a straight line. 
[0016] 

[Means for Solving the Problem] In order to attain the above-mentioned object, while this 
invention forms a single eel in a bipolar electrode for a separator in piles, carries out the 
laminating of two or more these single eels and constitutes a cell proper It is characterized by 
using the alumite coat formed in the both ends of this cell proper by carrying out anodizing of the 
aluminum as said separator in the zinc-bromine cell which arranges the current collection 
electrode and the end plate with a bundle of a couple, and was made to carry out laminating 
immobilization in one. 

[0017] As claim 2, the oxalic acid whose concentration is 3 - 4% as the electrolytic solution is 
put in in a reaction vessel. While board thickness is immersed in an anode plate side in an 
aluminum plate 0.3mm or less, a lead electrode is immersed in a cathode side face to face, and 
while connecting the plus side of a power source to aluminum, the minus side of a power source 
is connected to a lead electrode. It anodizes by maintaining the temperature of the electrolytic 
solution, supply voltage, and current density to a proper value, and the manufacture approach of 
the separator for zinc-bromine cells in which the alumite coat was formed on the surface of the 
aluminum plate is offered. 

[0018] By separating the alumite coat formed on the above-mentioned aluminum plate of claim 3 
from right above [ barrier layer ] with a reverse-current peeling method, the porosity alumite coat 
which has the hexagon-head eel which much pores penetrated is obtained, and the approach 
which heat-treated preferably 850 degrees C or more of this alumite coat at 900 degrees C of 
abbreviation in atmospheric air for 1 hour is offered. 

[0019] Furthermore, the approach using the liquid which added the sulfosalicylic acid for the 
approach using the sulfuric acid which contains an aluminum sulfate as the electrolytic solution 
by claim 4 to the sulfuric acid as the electrolytic solution by claim 5 is offered. 
[0020] Moreover, the mask with which opening of many round holes was carried out to the field 
which should anodize an aluminum plate is fixed by claim 6. An alumite coat is formed in the 
surface part of the aluminum plate which is not covered with a mask by anodizing in the 
electrolytic solution. Furthermore, form an alumite coat the whole surface from hard flow, and 
this alumite coat is connected with the field which the above-mentioned alumite coat of an 
aluminum plate formed with said alumite coat. Dissolution clearance of the unreacted aluminum 
plate which remains into the part covered with the mask is carried out using an acid, each flat 
side is connected back to back using two sheets of the obtained member, and the manufacture 
approach of the separator for zinc-bromine cells of having fixed and obtained the electrode plate 
to both sides is offered. 
[0021] 

[Function] According to this separator, by carrying out anodizing of the aluminum plate, a 
porous alumite coat is formed and the porosity alumite coat which the pore of a large number 
which distributed this to homogeneity in the direction of board thickness by dissociating from an 
aluminum plate side right above [ of a barrier layer ] with a reverse-current peeling method etc. 
penetrated is obtained. Since the size of pore is determined by the electrical potential difference 
applied to a coat at the time of the above-mentioned anodic oxidation, control of a pole diameter 



becomes easy. 

[0022] An alumite [ having carried out anodizing ] coat is aluminum 203 of an amorphous 
condition, by heat-treating after anodic oxidation, it metamorphoses into the crystal structure of 
delta-aluminum 203, and its corrosion resistance in the inside of the electrolytic solution of 
strong acid nature also improves substantially. 

[0023] Pore has penetrated this alumite coat in the shape of a straight line in the direction of 
board thickness, and the same board thickness of the stroke of a hole is also quite short as 
compared with the usual porosity polyethylene film. And thickness of an alumite coat can be 
substantially made thin. 

[0024] Furthermore, by having used the approach according to claim 6, while the separator itself 
is miniaturized, the good film of permselectivity is obtained, and as compared with the kneading 
activity of conventional polyethylene resin, manufacture can obtain the easy separator for zinc- 
bromine cells. 
[0025] 

[Example] The various concrete examples of the separator for zinc-bromine cells which starts 
this invention below, and its manufacture approach are explained. In this example, it has been the 
big description to have used the alumite coat formed by carrying out anodizing of the aluminum 
as a separator which has permselectivity. 

[0026] Drawing 2 is the example of anodic oxidation equipment of the aluminum adopted in the 
1st example of this invention. As illustrated, oxalic acid 16 is put in as the electrolytic solution in 
a reaction vessel 15. To an anode plate side an aluminum plate 1 7 By making it react, connecting 
the minus side of a power source 19 to the lead electrode 18, and maintaining proper temperature 
and a proper electrical potential difference, while the lead electrode 18 is immersed in a cathode 
side face to face and connecting the plus side of a power source 19 to an aluminum plate 1 7 An 
anodic oxide film 20, i.e., an alumite coat, is formed in the front face of an aluminum plate 1 7. 
[0027] hi this example, as membrane formation conditions for the alumite coat 20 of the porosity 
by the describing [ above ] oxalic acid method, as for more than aluminum99.99% and board 
thickness, the chemical composition of an aluminum plate 17 set to 0.3mm or less, and, as for the 
concentration of oxalic acid 16, the temperature of the electrolytic solution set 25V(DC) or 
80V(AC), and current density to 100 (A/m2, DC) or 50 (A/m2, AC) for the electrical potential 
difference of 20 degrees C - 30 degrees C and a power source 19 3 to 4%. 
[0028] Although the obtained alumite coat 20 was transparent in direct current voltage, it 
presented light yellow - brown in alternating voltage. 

[0029] Drawing 1 is the schematic diagram showing the structure of the obtained porosity 
alumite coat 20, and thickness t which has the hexagon-head eel 24 which pores 23 and 23 
penetrated up and down obtained 80 micrometers (a maximum of 400 micrometers) and a 
porosity alumite coat with a pole diameter of 40nm (400A) by separating the alumite coat 20 
formed on the aluminum plate 17 fi-om an aluminum plate 17 side in the dotted-line section 22 of 
barrier layer 21 right above with a reverse-current peeling method. 900 degrees C of this alumite 
coat 20 were heat-treated in atmospheric air for 1 hour. 

[0030] Therefore, in the **** 1 example, by carrying out anodizing of the aluminum plate 17 by 
the oxalic acid method, it is possible to grow up the porous alumite coat 20 to the thickness of a 
maximum of 400 micrometers, and the porosity alumite coat 20 to which much pores 23 and 23 
penetrated this in the direction of board thickness by dissociating from an aluminum plate 17 
side right above [ of a barrier layer 21 ] with a reverse-current peeling method etc. is obtained. 
[0031] The size of the above-mentioned hexagon-head eel 24 and the size of pores 23 and 23 are 



determined by the electrical potential difference applied to a coat at the time of the above- 
mentioned anodizing. When an electrical potential difference is set to V, the size diameter DC of 
the hexagon-head eel 24 (2R) is DC=23xV (A), and the size diameter DP of pores 23 and 23 (2r) 
is DP=DC/3 (A). 

[0032] The original form was held without dissolving, even if it is immersed into the electrolytic 
solution for strong acid nature cells of pHl and carries out progress of the alumite coat 20 
obtained by this example for 1500 hours (about two months). 

[0033] Drawing 3 (A) and (B) are spectrums in which the analysis result by the X-ray diffraction 
of the alumite coat 20 obtained by this example is shown, and this drawing (A) heat-treats a non- 
heated thing and 900 degrees C (B) of these drawings in atmospheric air for 1 hour. The alumite 
[ having carried out anodizing from drawing 3 ] coat 20 is aluminum 203 of an amorphous 
condition, and it became clear by heat-treating after anodizing that it metamorphosed into the 
crystal structure of delta-aluminum 203. 

[0034] Drawing 4 was a spectrum in which the thermogravimetric measurement (TG) result of 
the alumite coat 20 is shown, the weight gradual decrease by bleedoff of the moisture which was 
sticking to the coat front face in connection with the temperature rise from this drawing was 
accepted, and the large decrease of weight considered to correspond to a transformation into 
delta-aluminum 203 crystal from an amorphous condition near 850 degree C was accepted. This 
is considered to originate in decomposition bleedoff of the water of crystallization from a hydrate, 
or decomposition bleedoff of the OH radical from ****** rare ****** (OH) aluminum 3. 
[0035] That is, it became clear by having adsorbed moisture that the alumite coat 20 which 
consists of aluminum 203 in the amorphous condition that water of crystallization and aluminum 
(0H)3 were included in part metamorphosed on delta-aluminum 203 crystal, and its corrosion 
resistance in the inside of the electrolytic solution of strong acid nature was also improving 
substantially by 900-degree C elevated-temperature heat-treatment. 

[0036] although the aperture of the present porosity polyethylene film separator is an average of 
0.1 micrometers (1000 A), it is alike and compares, and with the electrical potential difference to 
apply, control of a pole diameter is possible for the alumite coat by the oxalic acid method within 
the limits of about 200A - 500A, and it becomes easy to control [ of this pole diameter ] it. The 
obtained pole diameter is also small and pore is distributing it to homogeneity. 
[0037] Moreover, since pore has penetrated the alumite coat by the oxalic acid method in the 
shape of a straight line in the direction of board thickness, as compared with the present porosity 
polyethylene film, i.e., the film which pore has penetrated in the complicated path as sewed 
between many voids, the same board thickness of the stroke of a hole is also quite short. 
[0038] Furthermore, an oxalic acid alumite coat can make board thickness thin substantially as 
compared with a porosity polyethylene coat. Coat creation of arbitration is possible for the 
thickness of the oxalic acid alumite coat of this example in about 30-400 micrometers to the 
thickness of the present polyethylene film being about 1mm. 

[0039] Although the alumite coat which formed membranes according to **** 1 example will be 
dissolved in a short time on 2 or the 3rd in the electrolytic solution of strong acid nature by 
aluminum 203 in the amorphous condition that were easy to adsorb moisture and water of 
crystallization and aluminum (0H)3 were included in part, elevated-temperature heat-treatment 
of 1 hour is preferably carved at 900 degrees C, 850 degrees C or more metamorphose into delta- 
aluminum 203 crystal, and corrosion resistance can be improved substantially. However, in a 
single alumite coat, large-area-izing is difficult and about 5x5cm is usually a limitation. 
[0040] Next, the 2nd example of this invention is explained. In this 2nd example, it is 



characterized by having replaced with the oxalic acid as the electrolytic solution used when 
forming an alumite coat in said 1st example, and using a sulfuric acid. In addition, other parts are 
the same only by the anodic oxidation equipment of the aluminum shown in drawing 2 changing 
oxalic acid 16 into a sulfuric acid. The aluminum sulfate of the specified quantity contains in this 
sulfuric acid. 

[0041] As membrane formation conditions for the porosity alumite coat 20 by this sulfiiric-acid 
method, chemical composition of an aluminum plate 17 was made more than aluminum99.99%, 
board thickness made to 0.3mm or less, and, in the temperature of 1-50 (kg/m3), and the 
electrolytic solution, 15-20V (DC), and current density set [ the concentration of the sulfuric acid 
as the electrolytic solution / the aluminum sulfate ] 15 degrees C - 25 degrees C and supply 
voltage to 80-300 (A/m2) 5 to 25%. The alumite coat 20 obtained by this sulfuric-acid method 
presented colorless transparence. 

[0042] The structure of the porosity alumite coat 20 obtained in the 2nd example is the same as 
that of drawing 1 , and thickness t which has the hexagon-head eel 24 which pores 23 and 23 
penetrated up and down obtained the porosity alumite coat in the range which is 30 micrometers 
- 300 micrometers and the pole diameter of lOOA - 250A by dissociating from an aluminum plate 
17 side in the dotted-line section 22 of barrier layer 21 right above with a reverse-current peeling 
method. 900 degrees C of this alumite coat 20 were heat-treated in atmospheric air for 1 hour. 
[0043] The original form was held without dissolving, even if it is the same as that of said 
example 1 that the size of the above-mentioned hexagon-head eel 24 and the size of pores 23 and 
23 are determined, and it is immersed into the electrolytic solution for strong acid nature cells of 
pHl and carries out progress of the obtained alumite coat 20 for 1 500 . hours ( about two months) 
with the electrical potential difference applied to a coat at the time of anodizing. 
[0044] When the analysis result by the X-ray diffraction of the alumite coat 20 obtained in this 
2nd example was seen, the alumite [ having carried out anodizing ] coat 20 is aluminum 203 of 
an amorphous condition, and it became clear by heat-treating after anodizing that it 
metamorphosed into the crystal structure of delta-aluminum 203. Furthermore, according to the 
spectrum in which a thermogravimetric measurement (TG) result is shown, the weight gradual 
decrease by bleedoff of the moisture which was sticking to the coat front face in connection with 
the temperature rise was accepted, and the large decrease of weight considered to correspond to a 
transformation into delta-aluminum 203 crystal from an amorphous condition near 890 degree C 
was accepted. 

[0045] Next, the 3rd example of this invention is explained. In this 3rd example, in case an 
alumite coat is created, it is characterized by using the cull color method. By this cull color 
method, the liquid which added the sulfosalicylic acid 100 (kg/m3) is used for the sulfuric acid 
50 (kg/m3) as the electrolytic solution, and, in the temperature of the electrolytic solution, 25- 
70V (DC), and current density set 22 degrees C - 25 degrees C and supply voltage to 200-3200 
(A/m2). The alumite coat 20 obtained by this cull color method presented bronze - black. 
[0046] In addition, other parts are the same only by the anodic oxidation equipment of the 
aluminum shown in drawing 2 changing the electrolytic solution. As membrane formation 
conditions for the porosity alumite coat 20 by this cull color method, more than 
aluminum99.99% and board thickness could be 0.3mm or less as chemical composition of an 
aluminum plate 1 7. 

[0047] The structure of the obtained porosity alumite coat 20 is the same as that of drawing 1 , 
and thickness t which has the hexagon-head eel 24 which pores 23 and 23 penetrated up and 
down obtained the porosity alumite coat which are 30 micrometers - 400 micrometers and the 



pole diameter of 200A - 600A by dissociating from an aluminum plate 17 side in the dotted-line 
section 22 of barrier layer 21 right above with a reverse-current peeling method. 900 degrees C 
of this alumite coat 20 were heat-treated in atmospheric air for 1 hour. 
[0048] The original form was held without dissolving, even if it is the same as that of said 
example 1 that the size of the above-mentioned hexagon-head eel 24 and the size of pores 23 and 
23 are determined, and it is immersed into the electrolytic solution for strong acid nature cells of 
pHl and carries out progress of the obtained alumite coat 20 for 1500 hours ( about two months) 
with the electrical potential difference applied to a coat at the time of anodizing. 
[0049] When the analysis result by the X-ray diffraction of the alumite coat 20 obtained in this 
3rd example was seen, the alumite [ having carried out anodizing ] coat 20 is aluminum 203 of 
an amorphous condition, and it became clear by heat-treating after anodizing that it 
metamorphosed into the crystal structure of delta-aluminum 203. Furthermore, according to the 
spectrum in which a thermogravimetric measurement (TG) result is shown, the weight gradual 
decrease by bleedoff of the moisture which was sticking to the coat front face in connection with 
the temperature rise was accepted, and the large decrease of weight considered to correspond to a 
transformation into delta-aluminum 203 crystal from an amorphous condition near 860 degree C 
was accepted. 

[0050] Drawing 5 shows the 5th example of this invention, and this example shows the example 
which manufactured the separator 1 1 for zinc-bromine cells using the formation approach of the 
alumite coat 20 explained in each above-mentioned example. 

[0051] If it explains based on the order of a process below, the mask 25 with which opening of 
many round holes was carried out to the field which should anodize the aluminum plate 17 with 
a thickness of 0.8mm first as shown in this drawing (A) will be fixed. It sets to the pars basilaris 
ossis occipitalis of a reaction vessel 1 5 as an anode plate by making into the inside the field 
which this mask 25 fixed. While putting in oxalic acid 16 as the electrolytic solution, opposite 
arrangement of the lead electrode 18 is carried out at a cathode side, and while connecting the 
plus side of a power source 19 to aluminum 17, the minus side of a power source 19 is connected 
to the lead electrode 1 8. And if an anodic oxidation reaction is made to perform, maintaining the 
temperature, the electrical potential difference, and current density which were indicated in said 
1st example, the alumite coats 20 and 20 will be formed in the surface part of the aluminum plate 
17 which is not covered with a mask 25. In addition, thickness of these alumite coats 20 and 20 
is set to 0.4mm. 

[0052] Next, as shown in this drawing (B), the upper and lower sides of an aluminum plate 17 
are reversed, and alumite coat 20a is formed in the whole surface based on the actuation same 
from hard flow as the field in which the above-mentioned alumite coat 20 was formed. Thickness 
of this alumite coat 20a is set to 0.4mm like the above. 

[0053] Since the islands 17a and 17a of unreacted aluminum remain in the part in which the 
alumite coat 20 and alumite coat 20a connected from the upper and lower sides, and were 
covered with this process with the mask 25, the whole is immersed in the container 28 which 
filled the hydrochloric acid 27 as shown in this drawing (C), and dissolution clearance of the 
unreacted aluminum plate 17 is carried out. 26 is the clearance part of aluminum and the part 
which makes the alumite coats 20 and 20a a subject remains in a hydrochloric acid 27, without 
dissolving. In addition, it is immersed in a sodium-hydroxide solution next, and a barrier layer is 
removed. 

[0054] This drawing (D) and (E) show the structure of the separator 1 1 constituted by the 
obtained alumite coat, connect two flat sides of both members back to back using the member 



which consisted of alumite coats 20 and 20a obtained by the above, fix the electrode plates 29 
and 29 to right-and-left both sides, and are completed to them. At this time, the hole section 30 
serves as passage of the electrolytic solution. 

[0055] According to this 5th example, while separator 1 1 the very thing is miniaturized, the good 
film of permselectivity is obtained, and the process itself is simplified as compared with the 
kneading activity of conventional polyethylene resin, and manufacture can obtain the easy 
separator for zinc-bromine cells. 
[0056] 

[Effect of the Invention] As explained to the detail above, according to the separator for zinc- 
bromine cells concerning this invention Since the size of pore is determined by the electrical 
potential difference applied to a coat at the time of anodic oxidation by having realized the 
separator made from the porous alumite coat obtained by carrying out anodizing of the aluminum 
plate the hole which the precision of the detailed aperture control of a separator set to one of the 
factors which control of a pole diameter becomes easy and prevent cell effectiveness from the 
former improved, and was penetrated in the shape of a straight line by the fixed aperture — a 
configuration is acquired, permselectivity is good and the separator which can raise cell 
effectiveness is obtained. 

[0057] Since the above-mentioned pore is distributed to homogeneity in the direction of board 
thickness and it has moreover penetrated in the shape of a straight line, the same board thickness 
also becomes quite short [ the stroke of a hole ] as compared with the usual porosity 
polyethylene film, and thickness of an alumite coat can be substantially made thin. 
[0058] Furthermore, by having used the approach according to claim 6, while the separator itself 
is miniaturized, as compared with the kneading activity of conventional polyethylene resin, 
manufacture can obtain the easy separator for zinc-bromine cells. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the separator which is the configuration 
member of an electrolytic-solution cycloid type laminating rechargeable battery, especially a 
zinc-bromine cell, and its manufacture approach. 



PRIOR ART 



[Description of the Prior Art] It is the rechargeable battery to which the zinc-bromine cell used 
the bromine for positive active material, and used zinc for the negative-electrode active material, 
and in order to make the daytime of power, and the imbalance of night solve this cell, it stores 
power in the night with few power requirements, and it is used in order to make it emit to day 
ranges. 

[0003] The bromine generated in the positive-electrode electrode side at the time of charge reacts 
with the bromine complexing agent added to the electrolytic solution, it becomes oil-like 
precipitate and is returned to a storage tank, and with a pump, it is sent in into a cell at the time 
of discharge, and it is returned. The component of the electrolytic solution is with Pb for 
preventing ZnBr2 water solution, salts for lowering resistance, such as NH4C1, and the dendrite 
by the side of negative-electrode zinc, and promoting uniform electrodeposition, Sn, quartemary 
ammonium salt, and a bromine complexing agent. The separator is inserted between the positive- 
electrode electrode and the negative-electrode electrode, and the self-discharge by the bromine 



generated with the positive-electrode electrode being spread to a negative-electrode electrode, 
and reacting with zinc is prevented. 

[0004] The chemical reaction of this zinc-bromine cell is [0005]. 
[Formula 1] 

the time of charge .... positive-electrode: - 2Br— >Br2+2e- and negative-electrode :Zn+++2e- 
>Zn the time of discharge .. positive-electrode: - it is expressed with 2Br-<-Br2+2e- and 
negative-electrode:Zn+-H-2e-<-Zn. 

[0006] This zinc-bromine cell consists of a cell proper which mainly used the electrode as the 
bipolar mold and carried out the laminating of two or more cells (single eel) to the serial 
electrically, an electrolytic-solution storage tank, and the pump and the pipe line which circulate 
the electrolytic solution among these. 

[0007] The working principle of a zinc-bromine cell is explained based on the schematic diagram 
of drawing 6 . One in drawing is a positive-electrode side storage tank, and the positive-electrode 
electrolytic solution 2 and the bromine complex compound 3 are stored in this positive-electrode 
side storage tank L 4 is a negative-electrode side storage tank, and the negative-electrode 
electrolytic solution 5 is stored in this negative-electrode side storage tank 4. And while the 
positive-electrode electrolytic solution 2 circulates the positive-electrode interior of a room from 
the positive-electrode manifold 8 of a cell proper with actuation of the positive-electrode side 
pump 6 as shown in the arrow head in drawing through the four-way valve 7, and flowing back 
to the positive-electrode side storage tank 1, the negative-electrode electrolytic solution 5 
circulates the negative-electrode interior of a room separated from the negative-electrode 
manifold 10 of a cell proper by the separator 1 1 with actuation of the negative-electrode side 
pump 9, and flows back to the negative-electrode side storage tank 4. 12 is a bipolar electrode 
and 13 is a current collection electrode. 

[0008] After the electrode material of the current collection electrode 13 carries out melting 
mixing of the carbon black and graphite for giving conductivity by using polyethylene as a 
binder by the proper ratio, the sheet-ized carbon plastics electrode material is used for it. In order 
to decrease the reaction overvoltage of a bromine to a positive electrode, what sheet-ized the 
carbon cross or the carbon fiber with the resin binder is made to have laminated. 
[0009] After carrying out melting mixing of a silica and the dioctyl phthalate (DOP), and 
extracting and porosity-izing DOP to polyethylene resin with the above-mentioned usually 
comparatively hard separator 1 1 with a solvent, the **** porous membrane obtained with an 
extrusion-molding means is used for it. The average aperture of tiiis fine porous membrane 
serves as about 0.1 -micrometer (1000 A) extent. 

[0010] The above-mentioned zinc-bromine cell reacts with the bromine complexing agent 
(quartemary ammonium salt) with which the bromine generated in the positive-electrode side at 
the time of charge is contained in the electrolytic solution, it is stored by the bottom of a 
positive-electrode side tank as oil-like bromine complex, the bromine which is not complex-ized 
serves as Br3-ion, it dissolves in the electrolytic solution, and electrocrystallization of the zinc is 
carried out to a carbon plastics electrode. 

[001 1] Thus, about 70% is checked as total energy efficiency about 80% as cell effectiveness [ in 
/ in the constituted zinc-bromine cell / 50kW class cell ]. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained to the detail above, according to the separator for zinc- 
bromine cells concerning this invention Since the size of pore is determined by the electrical 
potential difference applied to a coat at the time of anodic oxidation by having realized the 
separator made from the porous alumite coat obtained by carrying out anodizing of the aluminum 
plate the hole which the precision of the detailed aperture control of a separator set to one of the 
factors which control of a pole diameter becomes easy and prevent cell efifectiveness from the 
former improved, and was penetrated in the shape of a straight line by the fixed aperture « a 
configuration is acquired, permselectivity is good and the separator which can raise cell 
effectiveness is obtained. 

[0057] Since the above-mentioned pore is distributed to homogeneity in the direction of board 
thickness and it has moreover penetrated in the shape of a straight line, the same board thickness 
also becomes quite short [ the stroke of a hole ] as compared with the usual porosity 
polyethylene film, and thickness of an alumite coat can be substantially made thin. 
[0058] Furthermore, by having used the approach according to claim 6, while the separator itself 
is miniaturized, as compared with the kneading activity of conventional polyethylene resin, 
manufacture can obtain the easy separator for zinc-bromine cells. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The effectiveness of such a zinc-bromine cell for 
stationary energy storage has the problem of aperture control of a separator in one of the factors 
which check effectiveness, although it is required that overall efficiency also including inverter 
effectiveness should be raised. As described above, a separator is porous membrane, and even if 
it penetrates Zn++ ion and Br-ion, a bromine and a bromine complex compound need not to 
penetrate. When especially an aperture is too large, a bromine molecule (Br2) and a bromine 
complex compound (QBr3) will also be penetrated so much, and the effectiveness of a cell will 
fall. 

[0013] however, the hole which penetrated detailed aperture control in the shape of a straight line 
by the fixed aperture difficultly by the approach of carrying out extrusion molding after the 
aperture of this separator changing with process conditions in many cases and carrying out 
melting mixing of the silica with DO? at usual polyethylene resin - the problem that a 
configuration is not acquired remains and it is in the difficult actual condition to obtain the good 
separator of permselectivity which was described above. 

[0014] Usually, although the aperture of the separator using polyethylene resin is an average of 
0.1 micrometers (lOOOA), about 200-500A is actually imagined to be a suitable thing. Moreover, 
since the hole has penetrated between the front flesh sides of a separator plate in the complicated 
path so that between voids may be sewn, it is usually that the actual stroke of a hole is quite 
longer than board thickness. Furthermore, for a certain reason, the thickness of a separator plate 
is in the inclination which swelling of the electrolytic solution in a cell tends to generate also 
about 1mm. 

[0015] While this invention is made in view of the above-mentioned point and raising the 
precision of aperture control of said separator, it aims at offering the separator for zinc-bromine 
cells which can shorten a actual stroke and can raise cell effectiveness, and its manufacture 
approach by forming a hole in the shape of a straight line. 



MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, while this 
invention forms a single eel in a bipolar electrode for a separator in piles, carries out the 
laminating of two or more these single eels and constitutes a cell proper It is characterized by 
using the alumite coat formed in the both ends of this cell proper by carrying out anodizing of the 
aluminum as said separator in the zinc-bromine cell which arranges the current collection 
electrode and the end plate with a bundle of a couple, and was made to carry out laminating 
immobilization in one. 

[0017] As claim 2, the oxalic acid whose concentration is 3 - 4% as the electrolytic solution is 
put in in a reaction vessel. While board thickness is immersed in an anode plate side in an 
aluminum plate 0.3mm or less, a lead electrode is immersed in a cathode side face to face, and 
while connecting the plus side of a power source to aluminum, the minus side of a power source 
is connected to a lead electrode. It anodizes by maintaining the temperature of the electrolytic 
solution, supply voltage, and current density to a proper value, and the manufacture approach of 
the separator for zinc-bromine cells in which the alumite coat was formed on the surface of the 
aluminum plate is offered. 

[0018] By separating the alumite coat formed on the above-mentioned aluminum plate of claim 3 
from right above [ barrier layer ] with a reverse-current peeling method, the porosity alumite coat 
which has the hexagon-head eel which much pores penetrated is obtained, and the approach 
which heat-treated preferably 850 degrees C or more of this alumite coat at 900 degrees C of 
abbreviation in atmospheric air for 1 hour is offered. 

[0019] Furthermore, the approach using the liquid which added the sulfosalicylic acid for the 
approach using the sulfuric acid which contains an aluminum sulfate as the electrolytic solution 
by claim 4 to the sulfuric acid as the electrolytic solution by claim 5 is offered. 
[0020] Moreover, the mask with which opening of many round holes was carried out to the field 
which should anodize an aluminum plate is fixed by claim 6. An alumite coat is formed in the 
surface part of the aluminum plate which is not covered with a mask by anodizing in the 
electrolytic solution. Furthermore, form an alumite coat the whole surface from hard flow, and 
this alumite coat is connected with the field which the above-mentioned alumite coat of an 
aluminum plate formed with said alumite coat. Dissolution clearance of the unreacted aluminum 
plate which remains into the part covered with the mask is carried out using an acid, each flat 
side is connected back to back using two sheets of the obtained member, and the manufacture 
approach of the separator for zinc-bromine cells of having fixed and obtained the electrode plate 
to both sides is offered. 



OPERATION 



[Function] According to this separator, by carrying out anodizing of the aluminum plate, a 
porous alumite coat is formed and the porosity alumite coat which the pore of a large number 
which distributed this to homogeneity in the direction of board thickness by dissociating from an 
aluminum plate side right above [ of a barrier layer ] with a reverse-current peeling method etc. 
penetrated is obtained. Since the size of pore is determined by the electrical potential difference 
applied to a coat at the time of the above-mentioned anodic oxidation, control of a pole diameter 
becomes easy. 

[0022] An alumite [ having carried out anodizing ] coat is aluminum 203 of an amorphous 
condition, by heat-treating after anodic oxidation, it metamorphoses into the crystal structure of 



delta-aluminum 203, and its corrosion resistance in the inside of the electrolytic solution of 
strong acid nature also improves substantially. 

[0023] Pore has penetrated this alumite coat in the shape of a straight line in the direction of 
board thickness, and the same board thickness of the stroke of a hole is also quite short as 
compared with the usual porosity polyethylene film. And thickness of an alumite coat can be 
substantially made thin. 

[0024] Furthermore, by having used the approach according to claim 6, v^hile the separator itself 
is miniaturized, the good film of permselectivity is obtained, and as compared with the kneading 
activity of conventional polyethylene resin, manufacture can obtain the easy separator for zinc- 
bromine cells. 



EXAMPLE 



[Example] The various concrete examples of the separator for zinc-bromine cells which starts 
this invention below, and its manufacture approach are explained. In this example, it has been the 
big description to have used the alumite coat formed by carrying out anodizing of the aluminum 
as a separator which has permselectivity. 

[0026] Drawing 2 is the example of anodic oxidation equipment of the aluminum adopted in the 
1st example of this invention. As illustrated, oxalic acid 16 is put in as the electrolytic solution in 
a reaction vessel 15. To an anode plate side an aluminum plate 1 7 By making it react, connecting 
the minus side of a power source 19 to the lead electrode 18, and maintaining proper temperature 
and a proper electrical potential difference, while the lead electrode 18 is immersed in a cathode 
side face to face and connecting the plus side of a power source 19 to an aluminum plate 1 7 An 
anodic oxide film 20, i.e., an alumite coat, is formed in the front face of an aluminum plate 1 7. 
[0027] In this example, as membrane formation conditions for the alumite coat 20 of the porosity 
by the describing [ above ] oxalic acid method, as for more than aluminum99.99% and board 
thickness, the chemical composition of an aluminum plate 17 set to 0.3mm or less, and, as for the 
concentration of oxalic acid 16, the temperature of the electrolytic solution set 25V(DC) or 
80V(AC), and current density to 100 (A/m2, DC) or 50 (A/m2, AC) for the electrical potential 
difference of 20 degrees C - 30 degrees C and a power source 19 3 to 4%. 
[0028] Although the obtained alumite coat 20 was transparent in direct current voltage, it 
presented light yellow - brown in alternating voltage. 

[0029] Drawing 1 is the schematic diagram showing the structure of the obtained porosity 
alumite coat 20, and thickness t which has the hexagon-head eel 24 which pores 23 and 23 
penetrated up and down obtained 80 micrometers (a maximum of 400 micrometers) and a 
porosity alumite coat with a pole diameter of 40nm (400A) by separating the alumite coat 20 
formed on the aluminum plate 17 from an aluminum plate 17 side in the dotted-line section 22 of 
barrier layer 21 right above with a reverse-current peeling method. 900 degrees C of this alumite 
coat 20 were heat-treated in atmospheric air for 1 hour. 

[0030] Therefore, in the **** 1 example, by carrying out anodizing of the aluminum plate 17 by 
the oxalic acid method, it is possible to grow up the porous alumite coat 20 to the thickness of a 
maximum of 400 micrometers, and the porosity alumite coat 20 to which much pores 23 and 23 
penetrated this in the direction of board thickness by dissociating from an aluminum plate 17 
side right above [ of a barrier layer 21 ] with a reverse-current peeling method etc. is obtained. 
[0031] The size of the above-mentioned hexagon-head eel 24 and the size of pores 23 and 23 are 
determined by the electrical potential difference applied to a coat at the time of the above- 



mentioned anodizing. When an electrical potential difference is set to V, the size diameter DC of 
the hexagon-head eel 24 (2R) is DC=23xV (A), and the size diameter DP of pores 23 and 23 (2r) 
is DP=DC/3 (A). 

[0032] The original form was held without dissolving, even if it is immersed into the electrolytic 
solution for strong acid nature cells of pHl and carries out progress of the alumite coat 20 
obtained by this example for 1500 hours (about two months). 

[0033] Drawing 3 (A) and (B) are spectrums in which the analysis result by the X-ray diffraction 
of the alumite coat 20 obtained by this example is shown, and this drawing (A) heat-treats a non- 
heated thing and 900 degrees C (B) of these drawings in atmospheric air for 1 hour. The alumite 
[ having carried out anodizing from drawing 3 ] coat 20 is aluminum 203 of an amorphous 
condition, and it became clear by heat-treating after anodizing that it metamorphosed into the 
crystal structure of delta- aluminum 203. 

[0034] Drawing 4 was a spectrum in which the thermogravimetric measurement (TG) result of 
the alumite coat 20 is shown, the weight gradual decrease by bleedoff of the moisture which was 
sticking to the coat front face in connection with the temperature rise from this drawing was 
accepted, and the large decrease of weight considered to correspond to a transformation into 
delta-aluminum 203 crystal from an amorphous condition near 850 degree C was accepted. This 
is considered to originate in decomposition bleedoff of the water of crystallization from a hydrate, 
or decomposition bleedoff of the OH radical from ****** rare ****** (OH) aluminum 3, 
[0035] That is, it became clear by having adsorbed moisture that the alumite coat 20 which 
consists of aluminum 203 in the amorphous condition that water of crystallization and aluminum 
(0H)3 were included in part metamorphosed on delta-aluminum 203 crystal, and its corrosion 
resistance in the inside of the electrolytic solution of strong acid nature was also improving 
substantially by 900-degree C elevated-temperature heat-treatment. 

[0036] although the aperture of the present porosity polyethylene film separator is an average of 
0.1 micrometers (lOOOA), it is alike and compares, and with the electrical potential difference to 
apply, control of a pole diameter is possible for the alumite coat by the oxalic acid method within 
the limits of about 200A - 500A, and it becomes easy to control [ of this pole diameter ] it. The 
obtained pole diameter is also small and pore is distributing it to homogeneity. 
[0037] Moreover, since pore has penetrated the alumite coat by the oxalic acid method in the 
shape of a straight line in the direction of board thickness, as compared with the present porosity 
polyethylene film, i.e., the film which pore has penetrated in the complicated path as sewed 
between many voids, the same board thickness of the stroke of a hole is also quite short. 
[0038] Furthermore, an oxalic acid alumite coat can make board thickness thin substantially as 
compared with a porosity polyethylene coat. Coat creation of arbitration is possible for the 
thickness of the oxalic acid alumite coat of this example in about 30-400 micrometers to the 
thickness of the present polyethylene film being about 1mm. 

[0039] Although the alumite coat which formed membranes according to **** 1 example will be 
dissolved in a short time on 2 or the 3rd in the electrolytic solution of strong acid nature by 
aluminum 203 in the amorphous condition that were easy to adsorb moisture and water of 
crystallization and aluminum (0H)3 were included in part, elevated-temperature heat-treatment 
of 1 hour is preferably carved at 900 degrees C, 850 degrees C or more metamorphose into delta- 
aluminum 203 crystal, and corrosion resistance can be improved substantially. However, in a 
single alumite coat, large-area-izing is difficult and about 5x5cm is usually a limitation. 
[0040] Next, the 2nd example of this invention is explained. In this 2nd example, it is 
characterized by having replaced with the oxalic acid as the electrolytic solution used when 



forming an alumite coat in said 1st example, and using a sulfuric acid. In addition, other parts are 
the same only by the anodic oxidation equipment of the aluminum shown in drawing 2 changing 
oxalic acid 16 into a sulfuric acid. The aluminum sulfate of the specified quantity contains in this 
sulfuric acid. 

[0041] As membrane formation conditions for the porosity alumite coat 20 by this sulfuric-acid 
method, chemical composition of an aluminum plate 17 was made more than aluminum99.99%, 
board thickness made to 0.3mm or less, and, in the temperature of 1-50 (kg/m3), and the 
electrolytic solution, 15-20V (DC), and current density set [ the concentration of the sulfuric acid 
as the electrolytic solution / the aluminum sulfate ] 15 degrees C - 25 degrees C and supply 
voltage to 80-300 (A/m2) 5 to 25%. The alumite coat 20 obtained by this sulftiric-acid method 
presented colorless transparence. 

[0042] The structure of the porosity alumite coat 20 obtained in the 2nd example is the same as 
that of drawing 1 , and thickness t which has the hexagon-head eel 24 which pores 23 and 23 
penetrated up and down obtained the porosity alumite coat in the range which is 30 micrometers 
- 300 micrometers and the pole diameter of lOOA - 250A by dissociating from an aluminum plate 
17 side in the dotted-line section 22 of barrier layer 21 right above with a reverse-current peeling 
method. 900 degrees C of this alumite coat 20 were heat-treated in atmospheric air for 1 hour. 
[0043] The original form was held without dissolving, even if it is the same as that of said 
example 1 that the size of the above-mentioned hexagon-head eel 24 and the size of pores 23 and 
23 are determined, and it is immersed into the electrolytic solution for strong acid nature cells of 
pHl and carries out progress of the obtained alumite coat 20 for 1 500 hours ( about two months) 
with the electrical potential difference applied to a coat at the time of anodizing. 
[0044] When the analysis result by the X-ray diffraction of the alumite coat 20 obtained in this 
2nd example was seen, the alumite [ having carried out anodizing ] coat 20 is aluminum 203 of 
an amorphous condition, and it became clear by heat-treating after anodizing that it 
metamorphosed into the crystal structure of delta-aluminum 203. Furthermore, according to the 
spectrum in which a thermogravimetric measurement (TG) result is shown, the weight gradual 
decrease by bleedofif of the moisture which was sticking to the coat front face in connection with 
the temperature rise was accepted, and the large decrease of weight considered to correspond to a 
transformation into delta-aluminum 203 crystal from an amorphous condition near 890 degree C 
was accepted. 

[0045] Next, the 3rd example of this invention is explained. In this 3rd example, in case an 
alumite coat is created, it is characterized by using the cull color method. By this cull color 
method, the liquid which added the sulfosalicylic acid 100 (kg/m3) is used for the sulfuric acid 
50 (kg/m3) as the electrolytic solution, and, in the temperature of the electrolytic solution, 25- 
70V (DC), and current density set 22 degrees C - 25 degrees C and supply voltage to 200-3200 
(A/m2). The alumite coat 20 obtained by this cull color method presented bronze - black. 
[0046] In addition, other parts are the same only by the anodic oxidation equipment of the 
aluminum shown in drawing 2 changing the electrolytic solution. As membrane formation 
conditions for the porosity alumite coat 20 by this cull color method, more than 
aluminum99.99% and board thickness could be 0.3mm or less as chemical composition of an 
aluminum plate 17. 

[0047] The structure of the obtained porosity alumite coat 20 is the same as that of drawing 1 , 
and thickness t which has the hexagon-head eel 24 which pores 23 and 23 penetrated up and 
down obtained the porosity alumite coat which are 30 micrometers - 400 micrometers and the 
pole diameter of 200A - 600A by dissociating from an aluminum plate 17 side in the dotted-line 



section 22 of barrier layer 21 right above with a reverse-current peeling method. 900 degrees C 
of this alumite coat 20 were heat-treated in atmospheric air for 1 hour. 
[0048] The original form was held without dissolving, even if it is the same as that of said 
example 1 that the size of the above-mentioned hexagon-head eel 24 and the size of pores 23 and 
23 are determined, and it is immersed into the electrolytic solution for strong acid nature cells of 
pHl and carries out progress of the obtained alumite coat 20 for 1500 hours ( about two months) 
with the electrical potential difference applied to a coat at the time of anodizing. 
[0049] When the analysis result by the X-ray diffraction of the alumite coat 20 obtained in this 
3rd example was seen, the alumite [ having carried out anodizing ] coat 20 is aluminum 203 of 
an amorphous condition, and it became clear by heat-treating after anodizing that it 
metamorphosed into the crystal structure of delta-aluminum 203. Furthermore, according to the 
spectrum in which a thermogravimetric measurement (TG) result is shown, the weight gradual 
decrease by bleedoff of the moisture which was sticking to the coat front face in connection with 
the temperature rise was accepted, and the large decrease of weight considered to correspond to a 
transformation into delta-aluminum 203 crystal from an amorphous condition near 860 degree C 
was accepted. 

[0050] Drawing 5 shows the 5th example of this invention, and this example shows the example 
which manufactured the separator 1 1 for zinc-bromine cells using the formation approach of the 
alumite coat 20 explained in each above-mentioned example. 

[0051] If it explains based on the order of a process below, the mask 25 with which opening of 
many round holes was carried out to the field which should anodize the aluminum plate 1 7 with 
a thickness of 0.8mm first as shown in this drawing (A) will be fixed. It sets to the pars basilaris 
ossis occipitalis of a reaction vessel 15 as an anode plate by making into the inside the field 
which this mask 25 fixed. While putting in oxalic acid 16 as the electrolytic solution, opposite 
arrangement of the lead electrode 18 is carried out at a cathode side, and while connecting the 
plus side of a power source 19 to aluminum 17, the minus side of a power source 19 is connected 
to the lead electrode 18. And if an anodic oxidation reaction is made to perform, maintaining the 
temperature, the electrical potential difference, and current density which were indicated in said 
1st example, the alumite coats 20 and 20 will be formed in the surface part of the aluminum plate 
17 which is not covered with a mask 25. In addition, thickness of these alumite coats 20 and 20 
is set to 0.4mm. 

[0052] Next, as shown in this drawing (B), the upper and lower sides of an aluminum plate 17 
are reversed, and alumite coat 20a is formed in the whole surface based on the actuation same 
from hard flow as the field in which the above-mentioned alumite coat 20 was formed. Thickness 
of this alumite coat 20a is set to 0.4mm like the above. 

[0053] Since the islands 17a and 17a of unreacted aluminum remain in the part in which the 
alumite coat 20 and alumite coat 20a connected from the upper and lower sides, and were 
covered with this process with the mask 25, the whole is immersed in the container 28 which 
filled the hydrochloric acid 27 as shown in this drawing (C), and dissolution clearance of the 
unreacted aluminum plate 17 is carried out. 26 is the clearance part of aluminum and the part 
which makes the alumite coats 20 and 20a a subject remains in a hydrochloric acid 27, without 
dissolving. In addition, it is immersed in a sodium-hydroxide solution next, and a barrier layer is 
removed. 

[0054] This drawing (D) and (E) show the structure of the separator 1 1 constituted by the 
obtained alumite coat, connect two flat sides of both members back to back using the member 
which consisted of alumite coats 20 and 20a obtained by the above, fix the electrode plates 29 



and 29 to right-and-left both sides, and are completed to them. At this time, the hole section 30 
serves as passage of the electrolytic solution. 

[0055] According to this 5th example, while separator 1 1 the very thing is miniaturized, the good 
film of permselectivity is obtained, and the process itself is simplified as compared with the 
kneading activity of conventional polyethylene resin, and manufacture can obtain the easy 
separator for zinc-bromine cells. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram showing the structure of the porosity alumite coat obtained 
by this example. 

[Drawing 2] The outline sectional view showing the example of anodic oxidation equipment of 
the aluminum adopted by this example. 

[Drawing 3] The spectrum in which the analysis result by the X-ray diffraction of the alumite 
coat obtained by this example is shown. 

[Drawing 4] The spectrum in which the thermogravimetric measurement (TG) result of the 
alumite coat obtained by this example is shown. 

[Drawing 5] The schematic diagram showing the example which manufactured the separator for 
zinc-bromine cells using the formation approach of the alumite coat concerning this example. 
[Drawing 6] The schematic diagram explaining the working principle of a zinc-bromine cell. 
[Description of Notations] 

1 - Positive-electrode side storage tank 

2 — Positive-electrode electrolytic solution 

3 — Bromine complex compound 

4 — Negative-electrode side storage tank 

5 - Negative-electrode electrolytic solution 



6- 


- Positive-electrode side pump 


7- 


- Four-way valve 


8- 


- Positive-electrode manifold 


9- 


- Negative-electrode manifold 


11 


~ Separator 


12 


~ Bipolar electrode 


13 


~ Current collection electrode 


15 


~ Reaction vessel 


16 


~ Oxalic acid 


17 


— Aluminum plate 


18 


— Lead electrode 


19 


— Power source 


20 


— Alumite coat 


21 


~ Barrier layer 


23 


~ Pore 


24 


— Hexagon-head eel 


25 


~ Mask 


29 


~ Electrode plate 



CLAIMS 



[Claim(s)] 

[Claim 1] While forming a single eel in a bipolar electrode for a separator in piles, carrying out 
the laminating of two or more these single eels and constituting a cell proper In the zinc-bromine 
cell which arranges the current collection electrode and the end plate with a bundle of a couple to 
the both ends of this cell proper, and was made to carry out laminating immobilization in one 
The separator for zinc-bromine cells characterized by using the alumite coat formed by carrying 
out anodizing of the aluminum as said separator. 

[Claim 2] While putting in the oxalic acid whose concentration is 3 - 4% as the electrolytic 
solution in a reaction vessel and immersing board thickness in an anode plate side in an 
aluminum plate 0.3mm or less, a lead electrode is immersed in a cathode side face to face. While 
connecting the plus side of a power source to aluminum, the minus side of a power source is 
connected to a lead electrode. 20 degrees C - 30 degrees C and supply voltage for the 
temperature of the electrolytic solution 25V(DC) or 80V(AC), The manufacture approach of the 
separator for zinc-bromine cells characterized by having anodized considering current density as 
100 (A/m2, DC) or 50 (A/m2, AC), and forming an alumite coat on the surface of an aluminum 
plate. 

[Claim 3] The manufacture approach of the separator for zinc-bromine cells according to claim 2 
characterize by having obtain the porosity alumite coat which have the hexagon head eel which 
much pores penetrated by separate the alumite coat formed on the above-mentioned aluminum 
plate from right above [ barrier layer ] with a reverse-current peeling method, and heat-treat this 
alumite coat above 850 degrees C in atmospheric air for abbreviation 1 hour. 
[Claim 4] The manufacture approach of the separator for zinc-bromine cells characterized by 
having anodized the concentration of this sulfuric acid in the aluminum sulfate 5 to 25% by 
having set 15-20V (DC), and current density to 80-300 (A/m2) for supply voltage, having set 1- 
50 (kg/m3), and temperature as 15 degrees C - 25 degrees C, and forming an alumite coat on the 
surface of an aluminum plate while using the sulfuric acid which contains an aluminum sulfate 
as the electrolytic solution. 

[Claim 5] The manufacture approach of the separator for zinc-bromine cells characterized by 
having anodized by having set 25-70V (DC), and current density to 200-3200 (A/m2) for supply 
voltage, having set temperature of the electrolytic solution as 22 degrees C - 25 degrees C, and 
forming an alumite coat on the surface of an aluminum plate while using the liquid which added 
the sulfosalicylic acid to the sulfuric acid as the electrolytic solution. 

[Claim 6] The mask with which opening of many round holes was carried out to the field which 
should anodize an aluminum plate is fixed. An alumite coat is formed in the surface part of the 
aluminum plate which is not covered with a mask by anodizing in the electrolytic solution. 
Furthermore, form an alumite coat the whole surface from hard flow, and this alumite coat is 
connected with the field which the above-mentioned alumite coat of an aluminum plate formed 
with said alumite coat. The manufacture approach of the separator for zinc-bromine cells 
characterized by having carried out dissolution clearance of the unreacted aluminum plate which 
remains into the part covered with the mask using the acid, having connected each flat side back 
to back using two sheets of the obtained member, and fixing and obtaining an electrode plate to 
both sides. 
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